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• * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] To Au beyond purity 99.99wt%, Sn 2 - SOwtppm, Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, 
Cu, Or at least one sort in Ag is reached one to 100 wtppm. the bonding characterized by carrying out 1- 
50wtppm content of at least one sort in Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, or Lu - public funds - an alloy thin line. 

[Claim 2] To Au beyond purity 99.99wt%, Sn 2 - SOwtppm, Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, 
Cu, At least one sort in Ag Or 1 - lOOwtppm, Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or the bonding characterized by carrying out 3 -lOOwtppm content of at 
least one sort in 1 - SOwtppm, and Ru, Rh, Pd, Os, Ir and Pt for at least one sort among Lu(s) - public 
funds — an alloy thin line. 

[Claim 3] To Au beyond purity 99.99wt%, Sn 2 - SOwtppm, Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, 
Cu, At least one sort in Ag Or 1 - lOOwtppm, Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or the bonding characterized by carrying out 2-50wtppm content of at 
least one sort in 1 - 50wtppm, and B, aluminum, Ga, In, Si, germanium and Pb for at least one sort 
among Lu(s) — public funds — an alloy thin line. 

[Claim 4] To Au beyond purity 99.99wt%, Sn 2 - 50wtppm, Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, 
Cu, At least one sort in Ag Or 1 - lOOwtppm, Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, At least one sort in Lu Or 1 - SOwtppm, Ru, Rh, the bonding 
characterized by carrying out 2-50wtppm content of at least one sort in 3 - lOOwtppm, and B, aluminum, 
Ga, In, Si, germanium and Pb for at least one sort among Pd, Os, Ir, and Pt - public funds - an alloy 
thin line. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the bonding used in order that this invention may connect an external lead with 
the chip electrode on a semiconductor device electrically — public funds — it is related with an alloy thin 
line. 
[0002] 

[Description of the Prior Art] Conventionally, connection by the gold alloy thin line which used the 
bonder is widely used for the electrical installation of the chip electrode on semiconductor devices, such 
as IC and LSI, and an external lead. In recent years, with improvement in the speed of the bonder for a 
productivity drive, a gold alloy thin line with more strong reinforcement and strength in high 
temperature is required, and the proposal of the gold alloy thin line (JP,57-35577,B) which made high 
grade gold of 99.99 % of the weight or more of purity contain calcium, Be, and germanium, the gold 
alloy thin line (JP,2-12022,B) which made rare earth elements, such as La, and calcium, Be and 
germanium contain is made. 

[0003] On the other hand, the high integration of a semiconductor device is connected to the detail of 
electrode structure, and thin film-ization, and it is apprehensive about damage on the device by the 
impact load and supersonic vibration at the time of connection, or generating of the minute crack under 
an electrode pad. In order that high intensity-ization of a gold alloy thin line in recent years may raise 
the danger increasingly, it is making calcium, Be, and Au that added a kind at least among rare earth 
elements contain Sn, and the proposal (JP,8-88242,A) which cancels these troubles is also made. 
[0004] However, progress of the densification of the further semiconductor device propels contraction of 
an electrode surface product, and ** pitch-ization, and it has come to be required that the ball of a path 
smaller than before can newly form stably and that the roundness of the ball (henceforth a "sticking-by- 
pressure ball") crushed by bonding in order to avoid contiguity inter-electrode contact should be high. 
Although amelioration of the arc discharge device of a bonder is being carried out in recent years in 
order to form a ball with a path smaller than before stably, for the improvement in roundness of a 
sticking-by-pressure ball, the amelioration by the side of a golden thin line is also needed. 
[0005] 

[Problem(s) to be Solved by the Invention] the bonding which is suppressing damage on a device, and 
generating of the crack under a pad, and being able to make the improvement in roundness of a sticking- 
by-pressure ball, without spoiling the reinforcement and strength in high temperature which the 
conventional gold alloy thin line's has in order that this invention's may meet the above-mentioned 
demand, and can respond also to a ** putt pitch - public funds - it aims at offering an alloy thin line. 
[0006] 

[Means for Solving the Problem] the bonding of this invention for solving the above-mentioned 
technical problem — public funds -- an alloy thin line To Au beyond purity 99.99wt%, Sn 2 - 50wtppm, 
Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, Cu, Or at least one sort in Ag is reached one to 100 wtppm. It 
is characterized by carrying out l-50wtppm content of at least one sort in Be, Mg, calcium, Sr, Ba, Sc, 
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Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd 3 Tb, Dy, Ho, Er, Tm, Yb, or Lu. 

[0007] moreover, other bondings of this invention — public funds — an alloy thin line is further 
characterized by carrying out 2-50wtppm content of at least one sort in 3 - lOOwtppm, or/and B, 
aluminum, Ga, In, Si, germanium and Pb for at least one sort among Ru, Rh, Pd, Os, Ir, and Pt at the 
above-mentioned configuration. 
[0008] 

[Embodiment of the Invention] Sn which is the constituent of the gold alloy thin line for bondings of 
this invention reduces a little the surface hardness of the ball formed of arc discharge, and reduces 
sharply the degree of hardness of the sticking-by-pressure ball crushed by bonding. Effectiveness is in 
damage on a device, or generating prevention of the minute crack under a pad according to this 
effectiveness. On the other hand, in order to raise the roundness of the path of a sticking-by-pressure 
ball, it is thought effective to make small the anisotropy of the deformation when making the crystal 
grain of a ball make it detailed, and being crushed, but since detailed-ization of crystal grain leads to the 
increment in a degree of hardness, it has the fault which promotes damage on a device, and generating of 
the minute crack under a pad. 

[0009] However, Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, To Au which added a kind at least among the elements chosen from Lu, or Ti, Zr, Hf, V, Nb, Cr, 
Mo, W, Mn, Fe, Co, Cu, Or it was found out by carrying out compound addition of the element chosen 
from Ag, and the Sn that it is effective in making the crystal grain of a ball make it detailed, suppressing 
the increment in a degree of hardness of a sticking-by-pressure ball. 

[0010] Since the shrinkage cavity which leads to the fall of bonding strength at the time of ball 
formation might arise and a ball might not become a true ball when less than 2 wtppms of the addition 
of Sn in this invention are insufficient for demonstrating the above-mentioned effectiveness and 
SOwtppm was exceeded, it was referred to as 2 - SOwtppm. 

[001 1] Among Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, Cu, or Ag, since the shrinkage cavity etc. 
might arise at the time of ball formation and at least one sort of additions might not become a true ball as 
well as Sn when less than 2 wtppms of the effectiveness of the grain refining of a ball are insufficient 
and it exceeded lOOwtppm by them, they were set to 2 - lOOwtppm. 

[0012] There is effectiveness of raising the coke strength at ambient temperature of a gold alloy thin line 
and strength in high temperature in the element chosen from Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu. Since the shrinkage cavity might arise at the time 
of ball formation when less than 1 wtppm of an addition is [ the effectiveness ] insufficient and 
SOwtppm was exceeded, the addition was set to 1 - SOwtppm. 

[0013] Although the effectiveness that the element chosen from Ru, Rh, Pd, Os, Ir, or Pt raises the coke 
strength at ambient temperature and strength in high temperature is seldom expectable in the addition to 
several 100 wtppm extent, the effectiveness which heightens the junction force of the sticking-by- 
pressure ball at the time of bonding and a pad has it. When less than 3 wtppms of an addition are [ the 
effectiveness ] insufficient and the addition was increased, the effectiveness was saturated gradually, and 
since the increase-in-quantity effectiveness was no longer seen when lOOwtppm was exceeded, 3 - 
lOOwtppm was made into the proper addition range. 

[0014] Although the element chosen from B, aluminum, Ga, In, Si, germanium, or Pb is effective in 
raising the coke strength at ambient temperature a little, dispersion in the die length of a recrystallization 
field is made small more than it, dispersion in the loop-formation height at the time of bonding is 
suppressed, or there is effectiveness which controls dispersion in the coke strength at ambient 
temperature. Since the shrinkage cavity might be generated at the time of ball formation when 50wtppm 
was exceeded while the effectiveness was not seen for these additions by less than 2 wtppms but the 
effectiveness was saturated with increase in quantity, 2 - SOwtppm was made into the addition. 
[0015] 

[Example] Hereafter, the example of this invention is explained. To the high grade Au beyond purity 
99.99wt%, each element shown in Table 1 was added, and each ingot was produced at the high- 
frequency-induction-heating furnace to it. It adjusted so that might perform grooved roll rolling and dice 
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drawing one by one, heat-treating these suitably for distortion picking, it might consider as the gold 
alloy thin line of the 25mm of the last wire sizes, continuous annealing might be carried out to the last in 
an atmospheric-air ambient atmosphere and an elongation percentage might become about 5%, and the 
sample was obtained. 

[0016] The strength in high temperature in the condition of having held these samples for 20 seconds at 
250 degrees C with the coke strength at ambient temperature with the tension tester was measured. 
[0017] Next, the ball was formed on the discharge conditions from which the diameter of a ball is set to 
50mm using the high-speed automatic bonder. Observation of ball shape made the presentation by 
which at least one shrinkage cavity was observed among the balls produced 20 pieces poor ball shape 
using the electron microscope. 

[0018] The degree of hardness of a sticking-by-pressure ball measured the degree of hardness of the 
sticking-by-pressure ball when carrying out bonding of between external leads to the chip electrode of 
the leadframe which carried IC with the minute altimeter. 

[0019] After evaluation of damage on a device carried out bonding of between external leads to the chip 
electrode of the leadframe which carried IC, it carried out the chemical treatment of the aluminum of a 
chip electrode, removed the sticking-by-pressure ball from the electrode, and observed the existence of 
generating of the crack of a pad lower layer with the metaloscope. When the judgment had at least one 
generating of a crack among the chip electrodes observed 100 places, it was taken as those of a device 
with damage. 

[0020] The roundness of a sticking-by-pressure ball was a sticking-by-pressure ball when carrying out 
bonding of between external leads to the chip electrode of the leadframe which carried IC, it was 
measured rotating 360 degrees of sticking-by-pressure ball diameters on the line passing through the 
central point of a sticking-by-pressure ball, and the value of a=(diameter at the maximum equator)/(the 
minimum diameter) estimated it. In addition, although ultrasonic impression was performed in the usual 
bonding, since the ball was extended by supersonic vibration in the oscillating direction, ultrasonic 
impression was not performed by measurement of roundness. Judgment It is a>=l .05 M x" a>=l .02 "**" 
a< 1.02 It considered as "O." The above result is shown in Table 1. 
[0021] 
[Table 1] 
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[0022] As shown in Table 1, it turns out that the gold alloy thin line (an example, sample numbers 1-14) 
of this invention has high ordinary temperature and strength in high temperature, there is no damage on 
a device in the top where ball shape is good since the degree of hardness of a sticking-by-pressure ball is 
low, and it excels also in the roundness of a sticking-by-pressure ball. 

[0023] On the other hand, in the sample numbers 15 and 16 by which Sn is not added, since the degree 
of hardness of a sticking-by-pressure ball is high, damage on a device has been caused. Moreover, in the 
sample number 16, since Sn is not added in spite of carrying out 20wtppm addition of Ti, the roundness 
of a sticking-by-pressure ball is inferior. The sample number 17 by which the element chosen from Ti, 
Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, Cu, or Ag although lOwtppm addition of the Sn is carried out is 
not added is inferior to the roundness of a sticking-by-pressure ball. 

[0024] Be, Mg, calcium, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Or a 
shrinkage cavity may generate both the sample number 18 to which the addition of the element chosen 
from Lu exceeds 50wtppm(s), the sample number 19 to which the addition of Ti exceeds 100wtppm(s), 
and the sample numbers 20 and 21 to which the addition of Sn exceeds 50wtppm(s) at the time of ball 
formation. 

[0025] Furthermore, since the element chosen from Ti, Zr, Hf, V, Nb, Cr, Mo, W, Mn, Fe, Co, Cu, or 
Ag is not added, it also turns out that the roundness of a sticking-by-pressure ball is inferior in a sample 
number 20. 
[0026] 

[Effect of the Invention] As mentioned above, without spoiling the reinforcement and strength in high 
temperature which the conventional gold alloy thin line has, the gold alloy thin line for bondings of this 
invention is suppressing damage on a device, and generating of the crack under a pad, and being able to 
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make the improvement in roundness of a sticking-by-pressure ball, and has the very useful property on 
the industry which makes bonding in a ** putt pitch possible. 

[Translation done ] 
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< ynzk *)WxkX->v (WT, r^-jf-^j t u 

o ) comnmt^ ^ t it* <t a -c ^ 

[0005] 

30 [%mm& l J: d t 4n;ii] *i&HBfi±ie«s*^ 

I. i t T', «^ -v h b° -y f-tc t WJfi5-C'§ l» #yr i y? 

m&frkwm m^-i £ 1 1 a wt ti . 

[0006] 

^ y^ffl^&AlNBftli, ^E9 9 . 9 
9wt%ULtfiDAufo, Sn&2~50wt ppm, T 
40 i, Zr, Hf , V, Nb, Cr, Mo, W, Mn, F 
e, Co, Cu, ttzit. Ag<7)^*>S0^<tfcia 
H~100wtppra, M?^ Be, Mg, Ca, S 
r, Ba, Sc, Y, La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 

b, ifcli, LuO-3*>^£<£i>ig£l~5 0wt 

[ o o o 7 ] I&mntota-KVT < y?R&&& 
mmt. uzmmzmz. r u , Rh, Pd, os, i 

r, P tcoa^SKht 195: 3-1 OOwt pp 
50 m, B, A 1 , Ga, I n, S i , G 



(3 

3 

e. PbO"5^$r<i:t>l**2~5 0wtppm-£ 
[0008] 

mmmmx-hh s n <i. 7-?m&iz£ dm^ 

[0009] U»L&#&s Be, Mg. Ca, Sr. 
Ba, Sc. Y. La. Ce. Pr, Nd. Pm. S 
m, Eu, Gd, Tb, Dy, Ho. Er. Tm. Y 
b, itdi, L u frt>Mtfix&7m<7) 3 ti>- 
l^iUAui:, Ti. Zr. Hf. V. Nb. C 
r. Mo. W. Mn. Fe. Co. Cu. ££Ji. Ag 20 

[ooio] wtmzmh s ncomvmt. 2 w t P 

50wtp P m£jg;t&fc *-;W&£l$£&lErf$£<Offi 

J:*****)-?. 2-5 0wtp P mi:LJt. 
[0011]Ti. Zr. Hf. V, Nb. Cr. M 
o. W. Mn. Fe. Co. Cu. Ag(03*> 30 

4 >: 5:< 1 *> 1 McDMumi. 2wt PP m&ffiTUX- 
MSffiSW(l:«AW?J) 0 . 1 0 0 w t P 

tf±tximtz%t>%^zttfhh<7)z\ 2-1 o ow 

t p P mi: L£. 

[0012] Be. Mg. Ca. Sr. Ba. Sc. 
Y. La, Ce, Pr. Nd. Pm. Sm. Eu. G 
d, Tb. Dy, Ho, Er, Tm. Yb. ttdi. L 

t P P m%.ffiX'itT-+frX'h 0. 50wt P pm?;ii 

Jnfiiil — 5 0wtppmfc Lfc. 
[0013]Ru.Rh. Pd.Os. Ir. *fctt, 
Pt#>£>SIfcf*i|>7cSIUi. W&SSS&fi-tS 
itl>®3tli& 1 0 0 w t P P mSSt-C"<7)SaiDfiT1ift 

•y K i: £ ©*> &2S£#*> l» . SsflDfi** 3wt P 
pm*)H-C(i-rC0^*^+^T'J> , 9. »fi£itK>L 
TV>< td®lZ*<m%lZtemLT^. lOOwtp 50 



*H12000-407 1 0 

4 

3~100wt P pm SrSXE^lUfiKHh tfc. 
[00 1 4 ] B. A 1 . Ga. In. S i . Ge. 
12. Pb;&>£>jg(fii67cS<i. ^#&$ft££fi±S-£ 

h*>\ wmzm&ikmmskZ m *>o 

#£/r-£< LZtfyT4 ymoii—T&ZMf 

& . ft <nmu$tf 2 w t p p m*ilT(i Zvm&tf 
JLbivfs m&tti>tzz<o%)%mmiktMz. 

5 0 w t p p mzmt h t x-)UBfmiz?\imzmi 

Z-£lZttf$>&<DX\ 2~5 0wtppm2:^Jp*i: 
Lfc. 

[00 15] 

£9 9. 9 9 w t %W,±CD1$W£A ufc^l (C^t# 

«o-;pffiffi, w zmzzMWrw orbs 2 5 

[0016] zti^tm^mtmmzi *)i$m& 
2 5ox:i l z2o®m.ftLtzV!mv<7)mmimzm 

JgLfc. 

[0017] sraKi»#y*'-£fflvv^ 

[0018] %MX-)VffMm±. I CiKttLfc 'J- 

[0019] r'AM «±. I C £Jg» LJt 

'J - K 7 U-A^f - «y 7*«ffifc*rS5 'J - HHS # yf 4 

yfitzmz. -fyrmm^A 1 nt^vmixn&fr 

nm&mmmmzx mmuz. mm* 1 o o^s 
muz*>y ?mm<r> o 1 amT- 1 * 7 •/ ^ ^^4*% 

[0020] ffiSMC-/l^£Rfttt . I C §• mt Lfc U 
- F 7 V-Kvyf y 79&tn& U - HH* -f > 

±^JE«^-/USSS:3 6 0° HCS-fr^^aKU, 
a= (g^cEg) / (fiMMttg) <0«fcJ:OJMffLfc. 

a§l. 05Sr r X j , a§l. 02 Sr r Aj . 
_a<l. 02 Sr r 0j fcLfc. CLhOltAfrfll (z 



(4) 1#ffl2 0 0 0-4 07l0 

5 6 
[0021] * * l$kl] 





Sfrtojc^ (wtppm) 
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[ 0 0 2 2 ] m 1 t^Si-U «k iz, *mo&G&m 

& (mmm. mm^- i~i 4 > «. sv«. sffss 

[0023] — ^T, S n0^3D§ilT^5:V^ISiR#-f 1 

*«*5ISiBit'CV^. *fcl«f4#^16t*{i. Ti 
i'20wt PP m^Jra§il-C ^4tefcj&»*»l3fe-f S n*< 

4. Sn^lOwtppmiKntV^^ Ti, 
Zr, Hf. V. Nb x Cr s Mo„W s Mn s Fe. 

Co, cu, Ag*»(5>»tfix*7ai»«aani$ii 

[0024] Be. Mg, Ca, Sr. Ba, Sc, 
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, G 
d, Tb, Dy, Ho, Er, Tm, Yb, ifcJi, 



* u frt>m& ti?z7m<vmn&tf sowtppm zmt & 

SCH»^18. Ti«oaanft6*l OOwtppm^gi 
30 I>f££f#*§-1 9. SnO^jDl:* { 5 0wtppmSrS^. 
^SS^-f-2 0 . 2 Hi. k t t#-/UffMB#(C?Kt* 

[002 5] $f>tMf4#-^2 0(i. Ti, Zr, H 
f. V, Nb. Cr. Mo, W. Mn, Fe. Co, C 

[0026 ] 

[»»«(«] JiLhi 0, *5HB<OiKy7 f -f y^ffl^ 
40 3 CI i: =5r < , t'U X0#HW$r<v HT<0^ 5 v 



